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abstract: 


'n  reviewing  the  engineering  requirements  of  the  contract  we 
find  ttmt  four  basic  problems  existed: 

Ho„  1  Construction  of  the  resistor. 

Mo.  2  Glass  base  problem. 

Mo.  3  Glass  frit  problem. 

Mo.  4  Methods  of  improving  evenness  by  spraying  techniques. 

Kach  of  these  problems  are  analyzed. 

Schedule  A  equipment  of  a  non- standard  design  is  illustrated 
and  described. 

‘he  pilot  runs  were  successfully  finished  October  10th  and 
these  results  are  analyzed.  Copie*  of  test  results  are  included  as 
an  appendix. 
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Ho„  1  CONilTRUCTXOK  OF  RESISTORS 


The  original  construction  contemplated  for  the  re* is  tore  van  a 
glasa  sandwich  with  aweiged  leads  in  between.  (Quarterly  Report  Ho.  4) 
The  construction  had  been  proven  out  using  window  glaas  as  a  substrate 
material  for  the  resistor  film.  With  windox*  glass  the  frit*  x/ere  avail¬ 
able  to  exactly  sxatch  the  base  and  therefore  multiple  coata  of  frit  were 
used  to  hermetically  seal  the  resistor  film.  These  unite  were  tested  on 
polarization,  humidity,  and  all  other  MXL  teste  and  had  no  problems  ex¬ 
cept  on  load  life  due  to  the  window  glass  base.  The  only  requirement 
was  to  substitute  a  good  electrical  glass  for  the  window  glass  base  and 
this  would  provide  a  unit  that  would  pass  the  K)L  10509  specification. 

Proper  electrical  glass  was  purchased  from  Corning  Glass  Company 
In  February  of  1956,  some  months  before  this  contract  was  awarded.  We 
were  assured  that  a  properly  matching  frit  would  be  no  problem  to  attain. 

in  the  succeeding  months  several  types  of  frit  were  r.eut  to  ue 
but  al.  of  the  frits  were  too  high  in  expansion  or  softening  peine  to 
fit  the  base  glass  that  was  made.  The  maximum  thickness  of  available, 
frit  that  could  be  fused  onto  the  Corning  base  glass  was  ..001  thick 
becau-ia  of  excessive  strain.  This  van  not  enough  to  seel  the  film 
since  small  pin  holes  and  certain  other  imperfections  in  tV*  frit  pro¬ 
vided  a  direct  path  to  the  film. 

In  our  window  glass  experience  it  was  found  that  four  separately 
fired  coatx  of  frit  giving  a  total  .004  thickness  were  tweens cry  to 


guarantee  a  hermetically  sealed  unit  Attempts  to  use  the  Corning  glasi; 
with  one  coat  of  frit  and  overprinting  with  &  resin  to  fill  in  the  voids 
in  the  frit  ware  tried.  These  were  only  partially  successful. 

The  approach  of  using  a  low  melting  point  frit  to  seal  the  two 
glasses  together  wafs  tried  (Quarterly  Report  No.  4  and  No.  6).  In  this 
approach  it  was  found  that  the  temperature  required  to  fuse  the  low 
melting  point  frits  was  enough  to  change  the  resistance  value  and  bring 
it  out  of  tolerance  The  lowest  temperature  frits  we  w eve  able  to 
obtain  that  would  not  provide  too  great  e.  mismatch  were  about  300°F. 
this  temperature  created  other  problems  rs  oxidisation  of  the  copper 
lead.*?  and  destruction  of  the  tin  on  the  copper  surface.  After  fusing, 

;he  oxide  on  the  leads  had  to  be  acid  etched  or  sandblasted,  neither 
of  which  proved  satisfactory  iti  order  to  solder  dip  the  leads  to  restore 
them  to  their  origit .a!  condi Cion.  "his  approach  was  abandoned  when  it 
was  found  that  the  problems  cited  could  not  be  overcome . 

The  usr-  of  ccld  sotting  inorganic  cements  was  tried  (Quarterly 
Report  So.  5)  but  was  found  tc  be  unsuccessful  although  the  manufacturers 
of  these  cements  reported  them  tc  be  unaffected  by  vrater.  We  were 
unable  to  find  a  single  cold  netting  cement  in  this  class  that  was  not 
completely  solvable  in  water  in  a  relatively  short  period  or.  time. 

Also,  the  tensile  strength  of  these  caaente  was  very  low  and  would  not 
provide  enough  assurance  that  the  leads  would  not  twist  open  the  sand¬ 
wich  in  actual  use.  This  method  was  abandoned  aftnr  several  trials. 


•3 


Finally  it  vu  decided  to  use  an  epoxy  reain  (Quarterly  Report 
Vo.  7)  end  thie  approach  was  used  in  the  first  pre-production  testa  of 
Item  7.  These  pre-production  teste  were  partially  successful.  Problems 
developed  because  of  moisture  that  was  able  to  penetrate  the  thin  layer 
of  frit  which  produced  losses  in  polarization. 

Problems  also  occurred  in  humidity  testing  when  water  was  absorbed 
in  the  hairline  openings  of  the  frit.  This  water  remained  for  many 
hours  and  sometimes  for  a  few  days  before  it  completely  evaporated. 

This  presented  no  problem  in  low  valuf.  resistors  but  in  values  above 
200,000  ohms  it  presented  a  much  lower  value  due  to  moisture.  This 
lowering  of  the  value  or  shorting  out  of  the  resistor  due  to  entrapped 
moisture  was  enough  to  bring  the  value  out  of  tolerance. 

Various  modifications  of  the  sandwich  construction  were  tried 
(Quarterly  Report  No.  8,  11  end  12)  to  make  it  workable  with  the  Corning 
Glass  but  none  were  completely  successful.  Finally  in  an  effort  to 
overcome  these  problems  the  sandwich  application  was  put  aside  and  a 
single  glass  was  used  since  experience  has  demonstrated  that  one  of 
the  major  problems  was  the  trapping  of  moisture  in  areas  not  completely 
exposed  to  atmosphere.  These  areas  occurred  in  the  fine  pinholes  and 
cracka  in  a  single  layer  of  frit  hidden  from  the  atmosphere  because  of 
the  narrow  space  between  th«  sandwich. 

In  the  single  piece  of  glass  reain  was  used  on  top  of  the  frit 
to  attempt  to  pass  the  polarization  test  (Quarterly  Report  No.  14). 
Pre-production  runs  were  made  with  this  construction  but  ran  into  ssvsral 
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problems,  mainly  in  polarization  because  of  the  inadequacies  of  resin 
insulation  over  the  t.hin  layer  of  frit.  Experiments  ware  made  with 
nutty  kinds  of  resin  to  try  to  protect  the  single  layer  of  frit.  The 
b(!8i.  resins  were  found  to  be  silicons  but  unfortunately  these  resins 
wore  so  brittle  that  on  temperature  cycling  cracks  would  develop  and 
the  resistance  film  would  become  exposed,  (quarterly  Report  Mo.  15 
and  Wo.  16f  However,  sufficient  pre-production  testing  was  run  using 
this  construction  to  substantially  prove  out  the  qualities  of  the 
resistor  film,  the  final  construction  (Quarterly  Report  Ho.  17  to 
Wo.  2:-»>  that  has  been  successful  and  has  passed  all  of  the  pilot  run 
tests  ia  as  illustrated. 


RESISTOR  COKSTRUOTOH 


Due  to  the  obtaining  of  proper  glass  for  the  resistor,  certain 
construction  features  were  able  to  be  used  that  were  not  possible  with 
the  previous  base  glass.  The  final  construction  Is  a  unit  that  is  com* 
posed  of  a  glass  plate  with  two  "U"  shaped  leads  attached  to  the  short 
ends  and  insulation  limited  to  the  metal  caps.  The  preceding  sketch 
illustrates  the  resistor  with  the  insulation  in  shaded  pattern  in  order 
to  more  clearly  show  the  cap  construction. 

This  construction  is  identical  for  all  wattage  sizes  from  the 
1/8  Watt  to  the  1  Watt.  The  method  of:  manufacture  is  identical  for  all 
wattage  sizes  until  the  final  cutting  of  the  glass  sheet.  All  values 
are  made  on  the  same  size  sheet  which  at  the  present  time  is  8"  x  10"  x 
.060  thick.  The  1/2  Watt  size  of  1/4'-  x  1/2"  has  504  resistors  and  the 
1/8  Watt  size  which  is  1/8"  x  1/4"  hat;  2016  resistors  on  a  sheet.  Differ¬ 
ent  sizes  of  resistance  values  are  processed  by  identical  steps  merely 
using  different  photographic  images.  When  the  sheets  are  finished  they 
are  then  cut  into  their  respective  sizes  and  capped. 

The  detailed  steps  of  the  resistor  image  pattern  and  the  various 
printing  patterns  used  for  the  resistor  are  given  in  Quarterly  Report 
No.  17,  The  construction  is  made  possible  by  the  use  of  a  different 
substrate  glass  that  is  high  enough  in  expansion  to  permit  using  more 
available  frits.  The  frit  thickness  is  .004  and  is  obtained  by  four 
separately  fired  coats.  The  caps  are  directly  over  the  frit  but  be* 
cause  of  the  seal  this  presents  no  problem.  This  construction  solves 
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all  of  the  previous  problems  that  were  encountered  except  for  the  insula*- 
tlon  over  the  resistor  caps. 

The  insulating  shrinkable  sleeves  that  were  used  during  the  pilot 
run  are  not  completely  satisfactory.  Because  of  the  shifting  of  the 
sleeves  during  shrinkage  they  cannot  be  accurately  placed  over  the  cap 
and  in  a  certain  percentage  of  units  the  aleevea  must  be  replaced  since 
they  do  not  adequately  cover  the  metal  cap.  Other  methods  of  Insulating 
the  cap  were  investigated  such  as  powder  resin  coatings,  but  no  funds 
were  available  for  incorporating  this,  type  of  equipment  into  the  final 
operations . 

MO,  2  GLASS  BASE 

Whan  the  contract  was  negotiated  with  the  Signal  Corps  it  was 
thought  that  the  only  problem  that  was  solved  was  the  glass  base  problem. 
As  it  turned  out,  it  was  the  only  problem  that  was  not  solved,  it  was 
not  until  five  years  after  the  contract  award  that  a  glass  base  of  pro¬ 
per  qualities  was  available  for  resistors.  If  this  base  were  available 
at  the  start  the  entire  contract  would  have  been  finished  in  eighteen 
months  instead  of  six  years. 

Due  to  the  difficulties  involved  trying  to  find  a  frit  to  match 
the  base  glass,  a  gle3S  coating  machine  was  proposed  (Quarterly  Report 
No.  2).  This  equipment  would  be  designed  to  flow  a  thin  coat  of  proper 
electrical  glass  onto  a  window  glass  base.  The  electrical  glass  coating 


would  be  of  proper  volume  realutivlty  and  coefficient  of  expansion  to 
cooperate  with  available  frits  of  adequate  properties.  Since  no  funding 
was  available  at  this  time  (Quarterly  Report  No.  6)  it  was  attempted  to 
try  some  alternate  methods  to  achieve  a  proper  electrical  surface.  One 
line  of  experimentation  was  of  depositing  a  non- conductive  coating  of 
approximately  one  micron  of  lridized  film.  These  films  permitted  load 
life  performance  in  the  order  of  two  or  three  times  better  than  window 
glass  but  the  beat  results  were  still  short  of  what  was  possible  with 
&  proper  electrical  glass  surface.  Also,  a  problem  in  the  thin  lridized 
film  was  the  eventual  breakdown  through  the  film  after  which  the  resistor 
would  perform  no  better  than  with  a  window  glass  substrata. 

Another  method  tried  was  that  of  printing  frit  with  proper  electri¬ 
cal  properties  over  window  glass  in  attempting  to  fuse  the  frit  at  high 
temperatures.  (Quarterly  Report  No.  7).  This  approach  was  only  partially 
successful  because  it  was  found  that  even  at  temperatures  so  high  the 
base  glass  warped  beyond  usability,  the  frit  did  not  flow  sufficiently 
to  provide  a  proper  surface  for  fine  detail.  Apparently  entraproents 
of  infusabie  material  in  the  frit,  either  because  of  the  small  particle 
size  or  chemical  change  due  to  the  small  particle  size,  prevented  a 
continuous  surface  from  forming.  This  method  was  put  aside. 

Funding  became  available  for  evaluating  the  flowing  of  a  thin 
glass  film  onto  a  window  glass  substrate.  A  miniature  melting  tank 
was  set  up  which  consisted  of  a  crucible  to  hold  about  two  pounds  of 


molten  glass  with  an  orifice  and  a  conveyor  on  which  the  glass  moved 
at  a  constant  speed  over  the  orifice.  The  conveyor  was  heated  to 
bring  the  glass  sheet  above  the  strain  point  (Quarterly  Report  Mo.  8) 
and  a  platinum  rod  was  used  as  a  doctor  blade  to  accurately  provide 
a  proper  thickness  for  the  molten  glass. 

Small  samples  were  made  and  resistor  films  were  tried  upon 
these.  It  was  discovered  that  sodium  migration  would  penetrate  under 
conditions  of  usage  through  the  thin  layers  of  electrically  adequate 
glass .  Apparently  a  thick  layer  of  glass  would  be  required  for  this 
application  and  since  this  was  beyond  the  range  of  the  equipment  and 
funding  that  was  available,  it  was  decided  to  try  to  find  a  source 
chat  would  make  the  electrical  glass  in  sheets. 

We  were  unable  to  purchase  proper  glass  from  Corning  at  this 
time  and  made  arrangements  with  Bausch  &  Loub  Optical  Company  for  a 
run  of  glass  which  was  unsuccessful,  and  a  later  run  was  arranged  with 
Hayward  Glass  Company  which  was  also  unsuccessful.  Each  run  consisted 
of  1,000  to  2,000  pounds  of  glass  that  was  cast  into  a  large  slab  and 
then  sawed  into  slices  and  ground  and  polished  to  a  proper  thickness. 

The  problems  of  grinding  and  polishing  large  sheets  of  glass 
proved  to  be  very  difficult  and  our  yield  was  so  lew  that  it  became 
apparent  that  this  was  not  a  practical  method  for  us.  The  only  practi* 
cal  method  was  to  make  the  glass  sheet  by  direct  drawing  so  that  no 
grinding  or  polishing  would  be  necessary. 
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We  finally  decided  Co  attsapt  to  oak*  our  own  glass  drawing  equip¬ 
ment.  The  design  was  started  early  1960.  Successful  glass  was  not  made 
until  May  of  1961.  The  new  base  glass  has  proven  out  very  well  and  has 
snswered  all  of  the  requirements  that  we  have  previously  specified. 
Control  of  coefficient  of  expansion  and  volume  resistivity,  two  of  the 
important  problems,  are  very  readily  maintained  to  close  limits.  Other 
controls  as  flatnsas,  thickness,  tolerance,  and  other  physical  specifica¬ 
tions  are  maintained  much  closer  than  the  glass  received  from  Corning 
Glass  Company  and  this  has  simplified  the  later  processing  very  con- 
siderably.  The  glass  facility  has  a  production  capability  large  enough 
for  all  of  the  substrates  that  we  will  require  for  the  next  few  years. 

»0.  3  GLASS  FRIT  PROBLEM 


Zn  a  previous  statement  we  have  said  that  our  main  problem  In 
completing  the  contract  on  time  was  a  glass  base  problem.  This  is  not 
completely  accurate.  If  we  had  found  a  frit  to  match  the  Corning  Glass 
that  had  previously  been  purchased  for  the  contract  there  would  have  been 
no  glass  base  problem. 

Corning  Glass  Company  attempted  to  supply  us  with  a  matching  frit 
for  the  glass  for  almost  a  year  until  they  had  nothing  further  to  offer 
us.  We  then  contacted  all  of  the  major  frit  manufacturers  la  this 
country  and  abroad  in  an  effort  to  buy  either  a  commercial  or  meda 
to  order  frit  to  fuse  upon  the  Corning  glass. 
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After  several  months  of  trying  the  many,  many,  verities  of  frit 
that  were  sent  to  us  by  these  manufacturers  we  were  forced  to  conclude 
that  we  had  not  yet  found  any  frit  that  would  work,  and  in  addition 
there  were  no  commercial  prospects  left  to  try  of  which  we  were  aware. 

It  was  decided  to  set  up  our  own  frit  making  facility  and  attempt 
to  develop  a  frit  ourselves.  Such  a  facility  was  organized  (Quarterly 
Report  Mo.  7)  and  was  completely  equipped  with  physical  and  electrical 
measurements  for  proper  selection  of  the  glass  frit.  Literature  and 
patents  were  combed  for  prior  work  in  this  field.  Many  experiments 
were  performed  and  finally  after  almost  two  years  a  family  of  glees 
frits  were  developed  that  did  not  match  the  Corning  glass  but  were  able 
to  be  fired  on  in  very  thin  coatings  with  little  enough  strain  so  that 
it  was  possible  to  at  least  run  pre-production  tests  with  resistors. 

We  gave  up  the  search  for  a  frit  with  low  enough  expansion  and 
low  enough  softening  point  to  fit  the  Corning  glass.  The  only  way  out 
we  had  decided  was  to  find  a  higher  expansion  glass.  This  would  bring 
into  range  several  frits  that  were  commercially  available  or  that  we 
had  formulated. 

After  our  base  glass  had  been  made  in  our  own  facility  we  were 
able  to  find  a  suitable  frit  with  the  proper  matching  characteristics 
for  the  glass.  It  was  thought  that  it  might  be  better  to  have  the  frit 
made  by  a  commercial  manufacturer  but  when  the  specifications  of  manu¬ 
facture  were  submitted  to  us  by  the  commercial  manufacturers  we  decided 


that  their  limit*  of  purity  w«r*-  not  adequate  to  meet  the  best  electrical 
requirement*.  KV  th*i  ■efew-*  decid-'ti  to  manufacture  our  own  frit  so  that 
the  purity  arc!  maximum  electrical  properties  could  be  maintained, 

Wr.  havx  at  our  own  «•*.*)*.«»»:  a  frit  tasking  facility  thet  can  melt 
a  thousand  pound*  o£  frit  :.n  om  firing.  Ihi*  facility  iw  adequate  for 
all  of  our  £01. net-able  needs. 


MO.  4  MR/ HODS  OF  TMPftOVUfty  PllM  E:  FKI  ESS  BY  SPRAY t»G  TPCHKi QiJES . 

/ hi-,  did  not  loom  as  a  serious  problem  at  any  time,  but  a  certain 
amount  of  work  wa*  done  on  this,  mostly  by  way  of  modifications  of  spray 
technique.  At.  electrostatic  spray  field  wa*  set  up  whereby  the  glass 
was  s*t  at  ground  potential  otd  the  spray  gun  was  operated  et  D.  C. 
voltages  of  75,000  to  150,000  volt*  „  l"he  spray  ejscted  from  the  gun 
was  charged  with  approximately  the  want  voltage  as  the  gun  and  was 
attracted  to  the  glaar;  becac* a  of  the  potential  difference.  Thia  tech” 
nique  resulted  in  a  -slight  improvement  in  evenness  but  not  enough  to 
justify  the  extra  hasnrd  of  the  high  voltage  in  the  spray  cabinet. 

7t  was  thought  that  multiple  spray  sources  might  give  a  better 
distribution  of  fluid  upon  the  substrate.  Multiple  headed  guns  were 
trisd  but  were  not  completely  successful.  Problems  such  as  intermingling 
cf  field  edges,  Interferance  of  spray  patterns  from  adjoining  nozzles, 
less  predictable  spray  patterns,  and  general  lessening  of  control 
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resulted  from  the  multiple  head  nozzles .  It  wae  also  found  that  floe 
atomization  was  more  difficult  to  achieve  with  these  heads.  (Quarterly 
Report  Mo.  6) 

The  possibility  was  explored  of  modifying  the  spray  pattern  with 
external  air  jets.  The  internal  air  jets  of  the  spray  nozzles  were  dis¬ 
connected  and  they  were  replaced  by  large  external  jets.  A  few  experiments 
indicated  that  the  volume  of  air  required  for  control  with  the  jets  re¬ 
moved  from  the  spray,  made  it  almost  Impractical  in  trying  to  gain  close 
control  of  the  spray.  Therefore  this  approach  was  abandoned  after  a 
few  trials. 

Another  approach  similar  to  this  method  was  attempted  (Quarterly 
Report  No.  7)  to  provide  the  air  used  to  modify  the  spray  system  was 
provided  by  modified  loud  speakers.  The  speakers  generated  a  pulsated 
type  of  air  current  that  it  seemed  would  make  control  simple  because 
the  pulses  could  be  controlled  electrically.  This  method  presented 
promising  possibilities  except  that  the  proper  volume  of  air  would  have 
required  a  tremendous  speaking  system  and  its  very  size  would  make  it 
impractical  to  use  in  the  spray  booth.. 

The  system  that  we  have  found  the  best  success  with  has  been  a 
single  headed  reciprocating  spray  gun..  This  gun  gives  us  uniformity  of 
±8%  over  the  entire  sheet  which  we  feel  is  adequate  for  our  present  needs. 
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Technician 
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SCHEDULE  A  EQOTMEOT 


1X221  RES j.  Sit) R  COAXING  EQUIPMENT  INCLUDING  IECTRODRYER 

1  fit  2 

'his  includes  the  largest  grouping  of  component  units.  Ihe 
proper  deposition  of  tin  oxide  films  onto  a  substrate  requires  exact 
control  at  every  point. 

ihe  following  five  photographs  illustrate  the  major  operations 

and  controls. 


PHOTO  NO.  1 


Photo  No.  1  is  a  view  from  the  back  of  the  entire  operation, 
i'll ;  Lectrodryer  is  on  the  extrema  left  of  the  spray  booth  in  the 
center  behind  the  conveyor  structure,  and  the  furnace  is  behind  the 
spray  booth  and  cannot  be  seen  from  this  point.  The  conditions  in 
the  spray  booth  prior  to  spraying  the  solutions  onto  the  hot  glass 
must  be  held  very  closely  as  far  as  temperature,  humidity,  ar.d 
velocity  of  air  movement. 
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A  large  duct  controls  the  air  flow  from  the  Lectrodryer  to 
the  booth.  The  duct  ia  seen  in  the  photo  as  an  Inverted  "U"  and 
has  a  cross  sectional  area  of  three  cubic  feet.  In  this  way  large 
volumes  of  air  at  low  velocity  are  able  to  be  pumped  into  the  booth. 
The  Lectrodryer  maintains  the  air  at  an  exact  humidity  and  tempera¬ 
ture  and  provides  all  of  the  air  into  the  booth.  All  other  inlets 
to  the  booth  are  sealed  except  the  slots  that  provide  the  entrance 
and  exit  for  the  conveyor  racks.  However,  no  outside  air  can  come 
in  through  these  areas  because  of  the  positive  pressure  maintained 
by  the  Lectrodryer. 

The  spray  booth  is  compartmentalized  and  baffled  to  permit 
proper  control  of  convection  currents.  Maximum  uniformity  of 
temperature  and  minimum  of  cooling  of  the  hot  glass  is  maintained 
as  it  leaves  the  furnace  and  arrives  into  the  booth  for  spraying. 

The  Lectrodryer  exhausts  its  conditioned  air  Into  a  chamber 
comprising  approximately  l/8th  the  total  volume  of  the  spray  booth. 
This  chamber  acts  as  an  intermediate  storage  area  where  the  new  air 
mixes  with  residual  air  of  the  booth  and  through  various  openings 
pours  into  the  spray  booth  proper  but  at  a  lower  velocity  than  enter¬ 
ing  into  the  first  compartment.  The  conditioned  air  slowly  moves 
toward  the  conveyor.  Immediately  in  back  of  the  conveyor  is  a  large 
baffle  that  is  designed  to  prevent  unequal  air  currents  resulting 
from  the  Intake  to  the  exhaust  fan,  which  exhaust  passage  is  seen 
on  the  right  side  of  the  photo.  It  will  be  noted  that  the  exhaust 
duct  it  very  large  to  permit  a  high  volume  but  low  velocity  removal 


of  air  from  the  booth. 


The  conveyor  chain  operates  above  and  outside  of  the  booth. 
Hangers  at  spaced  locations  are  fastened  to  the  conveyor  chain  by 
stainless  steel  bars.  The  bars  permit  a  small  slot  approximately 
1/2"  vide  to  handle  the  moving  racks  through  the  furnace  and  the 
booth. 

The  conveyor  operates  under  a  constant  tension  to  provide  for 
compensation  to  expansion  and  contraction  due  to  part  of  the  con¬ 
veyor  being  constantly  heated  when  it  is  under  the  furnace.  Since 
the  total  conveyor  chain  is  approximately  SO  feet  long,  changes  in 
its  length  of  1/2"  to  1"  are  constantly  occurring  and  are  continuously 
accomodated  byr  the  constant  adjusting  spring  loaded  conveyor  structure. 

The  conveyor  chain  is  of  a  stainless  steel  composition  to 
prevent  scaling  that  would  interfere  with  the  cleanliness  of  the 
glass  surface  necessary  for  proper  film  deposition.  The  chain  drive 
operates  at  approximately  one  foot  per  second  and  has  an  instant 
clutch  and  brake  arrangement.  This  makes  it  possible  for  the  fur¬ 
nace  dcors,  which  are  air  operated,  to  carry  the  glass  into  the 
furnace  and  the  doors  to  close  in  the  matter  of  two  seconds.  The 
fast  transfer  of  the  glass  into  the  furnace  permits  the  furnace 
ambient  to  be  held  very  closely  and  the  heat  pattern  to  be  main" 
tained  so  that  equilibrium  is  restored  within  a  matter  of  seconds 
after  the  door  is  closed. 
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PHOTO  NO,  2 


Photo  No.  2  illustrates  more  closely  the  relations  of  the 
duct  from  the  Electrodryer  to  the  first  compartment  of  the  booth. 
On  the  left  side  of  the  photo  the  backs  of  the  Installation  to 
control  temperature  and  cycle  in  the  furnace  can  be  seen. 


PHOTO  H0„  3 
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Photo  No.  3.  Part  of  the  control  panel  la  shown.  On  the 
left  of  the  panel  la  the  main  switch  for  the  heating  elements  and 
the  ammeters  which  Indicate  the  balance  achieved  on  each  phase  of 
the  three  phase  load. 

The  timer  In  che  upper  right  hand  corner  controls  precisely 
the  period  of  solution  spray  onto  the  glass  in  the  booth.  Solution 
spraying  time  is  limited  to  ten  seconds.  Any  interval  longer  than 
this  has  been  found  to  cool  the  glass  to  a  stage  that  change  the 
electrical  properties. 

The  cabinet  on  the  stand  on  the  right  side  of  the  photograph 
is  a  four  station  recorder  whose  input  is  fed  from  four  fixed  Ray-O- 
Tubes.  Their  function  is  to  constantly  monitor  the  temperature  of 
the  glass  directly  in  line  sight  of  the  tubes  as  the  glass  heats  in 
the  furnace. 

The  fifth  and  center  tube  that  can  be  seen  more  closely  in 
Photo  No.  4  directly  controls  the  instrument  on  the  extreme  right 
of  Photo  No.  3.  This  instrument  operates  at  a  pre-set  temperature 
which  when  reached  and  Indicated  by  the  center  Ray-O-Tube  auto¬ 
matically  opens  furnace  doors ,  activates  the  conveyor  to  move  the 
glass  into  the  booth  where  other  timing  equipment  automatically 
starts  the  spray  apparatus  for  its  pre-determined  period. 
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PHOTO  HO.  4 

Photo  No.  4  provides  a  closer  look  at  the  furnace  shoving 
the  air  operated  left  door,  the  five  Ray -O-Tubes  in  the  center  of 
the  furnace  and  part  of  the  variable  transformers  on  the  lower 
part  of  the  furnace. 
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|  Technician  places  gleM  wkMl  sheet  b*  heMer  prior  t*  boats*  k  In  omMNoJ  I 

electric  fumoco  whore  thin  fill  dgwIHis  bf  tmmd  wW 

place.  Fumoce  operator  od|mt»  aut—a Ht  tiepwtyn  md  Hwo  ayri*—  —»*■<» 

PHOTO  MO.  5 

Photo  So.  5  illustrates  the  operation  of  the  conveyor  and 
furnace.  The  Ray ~0 -Tubes  are  seen  immadiately  at  the  left  of  the 
operator.  The  center  position  of  the  furnace  heating  element*  is 
composed  of  nine  6"  x  6"  individual  heating  platea  making  a  18"xl8" 
surface.  These  heating  surfaces  are  arranged  in  two  parallel  trails 
facing  each  other  separated  by  approximately  12",  the  center  of 
which  the  glass  travels  through.  The  heating  walls  have  separate 
elements  on  the  upper  ona™third,  the  bottom  one-third,  and  the  left 
and  right  sides,  which  give  the  operator  four  general  zones  and 
nine  spot  zones  of  control  on  each  side  of  the  furnace. 
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Since  Che  glass  Co  be  heated  Is  approximately  12"  x  14"  very 
exact  control  of  the  heat  pattern  onto  the  glass  is  possible.  The 
exact  temperature  cf  different  areas  of  the  glass  sheet  is  vary 
important  at  this  stage  because  of  the  necessity  to  compensate  for 
the  uneven  cooling  pattern  experienced  when  the  glass  enters  booth 
temperature  air  prior  to  spraying. 

!?urther  unevenness  in  temperature  due  to  cooling  during  spray- 
ing  must  be  compensated  for  during  the  heating  cycle;  especially 
since  the  spray  cooling  Is  quite  complex,  depending  upon  different 
rates  of  radiation  from  corners  to  sides  to  the  center  of  the  glass. 

The  temperature  pattern  of  the  glass  while  in  the  furnace 
must  be  controlled  to  compensate  for  these  later  changes.  With  these 
controls  we  are  able  to  maintain  resistance  of  a  large  sheet  of  glass 
to  better  than  ±8%  over  the  entire  sheet.  Better  control  of  re» 
sistance  is  possible  with  the  present  control  system  although  we 
have  not  tried  to  achieve  lees  variation  at  this  time. 

The  calibrating  method  that  is  used  to  finally  produce  ±1% 
re.’s  is  tors  is  able  to  produce  a  1"  resistor  with  a  ±8!i  variation 
through  the  sheet. 

'Che  glass  shaet  after  it  is  sprayed  and  the  tin  oxide  film 
has  been  formed,  stays  on  the  conveyor  holder  until  the  holder  re- 
tujus  to  an  initial  position  which  can  be  seen  in  Photo  So  5  as 
the  technician  on  the  laft  has  removed  the  glass  and  is  replacing 
it  with  a  glass  to  be  processed. 
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ITEM  PHOTO  IMAGE  APPARATUS 
3 

After  glasses  have  been  processed  with  tin  oxide  coatings, 
a  photographic  image  Is  printed  onto  the  oxide  coat.  This  is  done 
with  conventional  photo  resist  equipment  such  as  Illustrated  in 
Photo  Ho.  6* 


PHOTO  HO.  6 


The  photo  resist  is  whirled  onto  the  glass  sheet  to  dry  it 
and  then  placed  into  a  fixture  which  is  part  of  a  vacuum  printing 
frame.  This  fixture  locates  the  glass  sheet  in  relationship  to  the 
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image  pattern  on  a  glass  negative.,  The  location  is  important  since 
many  subsequent  operations  are  performed  which  must  be  held  to  very 
close  registration. 

The  glass  ie  exposed  before  a  conventional  arc  lamp  which 
fixes  the  image  upon  the  photographic  surface  and  with  other  con¬ 
ventional  operations  the  photographic  pattern  is  developed  and  dried. 
The  oxide  coat  ie  etched  and  this  provides  the  proper  number  of 
squares  for  the  particular  value  that  is  required. 

In  the  previous  quarterly  report  the  configuration  design  is 
detailed  along  with  the  several  printing  operations  on  the  glass 
sheet. 


ITEM 
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SURFACE  COMBUSTION  LEHR 

The  lehr  or  conveyor  tunnel  furnace  is  ona  of  the  important 
pieces  of  equipment  in  order  to  obtain  reproducibility  between 
resistor  sheets.  The  lehr  ie  illustrated  in  Photo  No.  7  looking  at 
the  exit  and.  The  conveyor  belt  and  belt  speed  adjustment  mechanium 
are  at  the  extreme  right. 
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The  lehr  Is  approximately  50  feet  long  and  is  divided  into 
several  zones  of  temperature  gradient.  The  first  a one  starts  at 
approximately  500°F.  Glasses  are  fed  into  this  zone  and  the  tempers" 
ture  is  maintained  on  a  gradually  rising  slope  for  about  ten  minutes. 
During  this  time  materials  such  as  solvents  and  oils  used  in  the 
printing  paste  are  volatized.  As  the  temperature  rises  to  700° F  -  800" F 
binders  as  ethyl  cellulose  used  to  hold  the  screening  paste  together 
are  burned  away  and  at  900° F  all  organic  material  disappears  from 
the  printed  layers. 

“ha  temperature  continues  to  rise  as  the  conveyor  belt  brings 
the  glatis  closer  to  the  hottest  controlled  zone.  This  zone  is  set 
at  a  range  from  1100°F  to  1200"F  depending  on  the  nature  of  the 
material  being  fused  to  the  glass.  Whatever  the  temperature  range 
selected  the  temperature  is  held  to  ±  1°C.  In  the  maximum  tempera¬ 
ture  zone  a  high  velocity  blower  helps  maintain  the  constant  tempera¬ 
ture  through  the  use  of  baffles  and  directional  exits  in  the  brickwork. 

The  heating  elements  in  the  lehr  are  gas  fired  stainless  steel 
tubes.  These  tubes  are  approximately  4"  in  diameter  and  twist  under 
and  over  the  heating  chamber  and  eventually  emerge  through  the  top 
and  feed  into  a  central  exhaust  system.  In  this  way  only  the  outside 
surface  of  the  tube  provides  the  input  of  heat  into  the  lehr  chamber. 

The  gas  flames  that  heat  the  tube  are  all  contained  on  the  inside 
of  the  tube  and  their  exhaust  products  are  gathered  by  the  central 
exhaust  system  which  can  be  seen  on  the  top  of  the  lehr  in  Photo  No,  7. 
In  this  way  products  of  combustion  of  the  fuel  never  see  the  glass 
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surface  and  reactions  by  the  combustion  products  and  the  glass  sur¬ 
face  and  pastes  cannot  occur. 

Thermocouples  are  placed  in  several  zones  on  both  aides  of 
the  lehr  and  are  monitored  in  a  central  thermocouple  recording 
station. 


Impactor  chacki  sheet*  of  thin  film  retlsfon  «  they  emerge  from  lehi  wknc  Lr 
metlcol ly  sealing  glow  frit  bat  been  fired. 


PHOTO  NO.  8 

In  Photo  No.  8  the  operator  on  the  left  is  checking  the 
tenparature  of  the  wall  in  the  hot  critical  zone  through  a  special 
door  built  for  this  purpose.  This  provides  us  with  a  direct  check 
upon  the  thermocouple  system  that  is  used  to  control  the  temperature 
of  the  lehr.  The  operator  on  the  right  is  Inspecting  glasses  that 
have  been  fired  and  sealed  with  glass  frit. 
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1T2M  SILK  SCREEN  MACHINE 
8 

This  equipment  has  been  illustrated  in  previous  reports  but 
Photo  No.  9  Is  a  close-up  showing  the  metal  mesh  screens  and  the 
registration  plate  used  for  printing  terminals,  insulation,  frits, 
and  other  printing  operations  onto  the  resistor  glass. 


Op*rotor  pwfan*  printing  of  ill.„ 
r«iifon. 


oft* 


PHOTO  NO.  9 

in  the  previous  quarterly  report  details  on  tho  printing 
operations  were  given  showiug  each  pattern  and  the  type  of  material 
printed  upon  resistor  glasses. 

The  registration  system  as  seen  on  the  table  consists  of 
three  guide  positions.  These  are  the  same  guide  positions  that 
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ware  used  in  Che  photo  resist  process  and  that  are  used  la  the 
calibrating  and  cutting  operations..  This  guide  system  permits  the 
location  of  any  part  of  the  image  on  the  glass  to  be  located  on 
the  various  equipments  with  a  maximum  error  of  ±.005. 


ITtM  GLASS  CUTTING  MACHINE 
5 

This  machine  scores  the  glass  sheet  and  permits  the  breaking 
of  individual  resistors  into  a  predetermined  size.  In  Photo  No.  10 

a  general  view  of  the  machine  is  seen. 


PHOTO  NO.  10 

The  carriage  has  provision  for  multiple  cutting  wheels  and 
the  entire  head  moves  from  front  to  back.  Spring  pressure  is  main¬ 
tained  individually  on  each  cutting  wheel  against  the  glass  sheet. 

The  glass  sheet  is  held  firmly  as  shown  in  Photo  No.  11  against  three 
guide  positions  onto  a  vacuum  table. 
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4  mi  lata  MhMuJ  •tam*. 
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PHOTO  HO.  11 

Tbs  vacuum  Cable  holds  Che  glass  firmly  as  Che  glass  is 
scored.  After  a  single  pass  is  made  Che  handle  illustrated  in 
Photo  No.  10  on  Che  right  front  side  of  the  machine  is  depressed 
and  Che  entire  table  Chen  is  manually  moved  90°  from  its  original 
position.  A  second  pass  of  the  head  is  Chen  made  and  the  glass  is 
now  removed,  ready  for  breaking  into  individual  pieces. 

"he  cutter  separations  are  nominally  set  at  1/2"  canters. 

For  1/4"  x  1/2"  resistors  the  1/4"  score  must  be  made  in  two  passes. 
This  is  accomplished  by  moving  the  lever  illustrated  in  Photo  Ho.  10 
on  the  extreme  left  hand  side.  The  lever  moves  the  table  from  left 
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to  right  la  the  increments  of  1/16 of  an  inch.  This  makes  it  possi¬ 
ble  to  score  glasses  with  dimensions  of  1/8"  x  1/4"  and  1/4"  x  1/2" 
and  1/4"  x  1"  with  the  same  standard  head.  After  the  cutting  opera¬ 
tion,  glasses  are  broken  and  are  assembled. 

ITEM  CALIBRATING  MACHINE 
6 

The  calibrating  machine  was  illustrated  with  photographs  and 
explained  in  detail  in  the  previous  report.  The  resistors  are  cali¬ 
brated  to  ±1%  while  they  are  in  sheet  form.  This  permits  precise 
registration  of  the  adjustment  areas  so  that  the  sheets  may  be  cali¬ 
brated  automatically  without  registration  problems. 

ITEM  GLASS  CONTROL  EQUIPMENT 
30 

The  various  items  that  make  up  this  group  have  been  illustrated 
previously  and  a  discussion  on  how  frit  is  made  and  controlled,  in¬ 
cluding  photographs  of  the  equipment,  la  contained  in  Quarterly  Report 
No.  7. 


vhe  other  items  are  all  standard  equipments  and  essentially 
shelf  items. 
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AHALYSIS  OF  PILOT  RUNS  -  ITEMS  HO.  1.  2.  3.  4.  5.  6.  AND  12. 

On  the  whole  the  tecta  ran  smoothly  and  there  were  few 
problems .  The  main  problem  waa  that  of  insulating  the  reclstor 
cape  with  the  mylar  sleeves  that  we  had  decided  to  use  for  this 
run.  The  length  of  the  sleeves  was  not  uniform  and  the  degree 
of  shrinkage  was  not  the  same.  This  provided  a  problem  in  the 
Group  XII  test  where  many  of  the  sleeves  had  to  be  removed  and 
replaced  because  of  permitting  bare  spots  in  the  cep  to  be  ex¬ 
posed.  This  would  cause  polarization  failures  and  failures  in 
the  reduced  pressure  dielectric  test. 

Xn  order  to  protest  the  Style  RH  60  properly  it  was  found 
that  the  identification  on  the  resistor  had  to  be  almost  completely 
covered.  Because  of  this,  separate  identification  tags  were  made 
and  attached  to  a  lead  of  each  resistor.  For  the  other  sizes  the 
identification  on  the  resistor  body  were  still  accessible  and  could 
be  used. 

Xn  Group  III  tests  considerable  leakage  was  experienced  in 
the  high  humidity  readings.  In  one  case  a  301  K  resistor  registered 
a  . 6Z  difference  between  the  high  humidity  for  subsequent  ambient 
reading  (Resistor  No.  IS). 

Group  IV  tests  ran  into  some  problems  on  the  +65°C  reading 
for  temperature  coefficient.  RN  65  Resistor  No.  24  of  49.9  Ohms 
was  out  of  tolerance.  However ,  when  this  resistor  was  read  after 
load  life  it  was  found  to  be  in  tolarance  and  in  agreement  with  all 
the  other  temperatures  at  which  the  temperature  coefficient  test 
were  taken. 
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Style  RM  75  in  Group  IV  teate  of  2  Megohm  value  Retie  tor 
Mo.  23  was  out  of  tolerance  in  the  +65“C  and  175*0  reading*.  This 
resistor  was  discovered  in  the  first  few  hours  of  load  life  testing 
to  be  erratic  and  the  load  life  oven  was  opened  under  the  supervision 
of  the  Quality  Assurance  Inspector.  Be  found  that  Resistor  Mo.  23 
was  connected  loosely  to  the  terminal,  apparently  because  of  a  cold 
solder  joint.  Ha  permitted  this  resistor  to  be  resoldered  to  the 
terminal  and  It  passed  load  life  testing.  After  the  load  life  test 
a  new  temperature  coefficient  was  taken  and  the  results  of  +7  parts 
per  million  was  found  to  agree  with  the  initial  readings  of  °15*C 
and  <~55aC  test.  Our  theory  is  that  the  connection  became  inter" 
mittent  between  the  -55®C  and  +55°C  point  and  remained  intermittent 
until  the  defective  joint  was  discovered  in  the  load  life  test. 
However,  this  resistor  is  classified  as  being  out  of  tolerance. 

Load  life  testa  for  Style  RN  60,  200  K,  ran  into  a  problem 
on  the  750  hour  reading.  Sometime  between  the  500  and  750  hour 
raading  the  ragulated  power  supply  lost  its  regulation  and  the 
voltage  went  out  of  control  and  was  observed  to  be  at  350  Volts  +, 
Since  the  voltages  were  checked  daily  this  condition  could  not 
have  existed  for  more  than  24  hours.  However,  since  the  proper 
voltage  should  have  been  158  Volts,  at  least  five  times  wattage 
was  impressed  upon  these  units  for  this  time.  As  a  consequence 
the  750  hour  reading  is  somewhat  out  of  step  from  the  normal  pattern 
of  load  life  changes. 

Xn  Group  IV  tasting,  both  the  shock  and  high  frequency 
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vibration  were  performed  outeide  our  plant.  The  Quality  Assurance 
Inspector  permitted  us  to  bypass  resistance  leadings  after  chock 
and  make  only  a  final  resistance  reading  after  high  frequency  vibra¬ 
tion. 

In  Style  RN  75,  2  Megohm,  Resistor  No.  39  was  broken  during 
connection  to  the  vibration  fixture.  It  was  shorted  out  and  the 
test  was  run  with  it  in  place. 
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CHARACTERISTIC  _ £ _ •  DATE  3~7  AqQ 

STYL3  RN _ feQ _ 


RES. 

NO. 

VISUAL  A  MKCHAltlCAL 

METHOD  PARAGRAPH  4.6.1 

INITIAL 

D.C. 

RESISTANCE 
HBTH.  FAR. 
4.6.2 

REMARKS 

LEAD 

LENGTH 

ASl./M 

Hi 

TTr^Wn- 

RES. 

THICK 

dXML 

MARKING 

1 

Q.K. 

1  O.K. 

_ CLJU_ 

GO 

OIL- 

300.  S4 

a 

I 

rz 

LZ 

60205 

H 

!H 

HI 

Hi 

^SS,S"7 . 

B 

H 

HI 

HI 

3^9.  en . 

5 

m 

hh 

300 ,23 

•  <?. 

m 

■1 

933, 4fo 

1 

B 

Hi 

a 

BOO,  1  1  . 

'3 

.  Q 

3003<b 

91 

91 

Hp 

=  01.3-3, 

!  •  •  * . - 

t 

B 

s 

HI 

91 

PH 

I  f  r^-pHH 

. ■*'  “ 

Hi 

m 

m 

PH 

B 

Hi 

hg^l"  TTH 

id 

B 

PH 

B 

Hi 

rtDO.ITT 

\A 

B 

HI 

Hj 

mm 

SQQddX 

“1 

HH 

B 

Hi 

IS 

m 

B 

B 

■■ 

pr  j'^H 

m 

eoioi 

IS 

.233^14 

_ 13 

EBUPGHi 

HggH 

tai 

■F»H 

300.  13 

.HHHHHHHHH 

■Ksa 

ZLd 

OSS.  SO 

35 

Odft.SS 

2C-, 

2n 

3CO.&I 

3.0322.1  _. 

23 

5QO.SS, 

do 

....  L  200,^1  .. 

,-nr  l 

_ L 

L_3^_ 

— 

_ 

[  ^S3r7j _ 

r  “ 

[  3C?'.2.31  _ 

j 

_ 

.  .3S.. 

Hi 

96! 

i{.  . .  . . — .  .. 

i 

ml 

1  OS  o  1A 

E 

ii 

|  300.2.1  ... 

rsn 

mm 

hi 

1 

|  .23fans 

P1B 

B 

HI 

Hi 

i  fioi.sa  . 

Mr£SS 

B 

HI 

Hli 

P=>S&5&  . 

L  2 _ 

■  ■ 

■i 

Hi! 

pH 

\  __ 

r_ . : _ n 

... 

. : 

» .  .. 

U .  . ;  .  •  -  - . - 

>f  -*  4  X 


MIL  R- 10509-D 


RBSISTCE  QUALIFICATION  INSPECTION 


OOUFi 


DETECTS  ALLOWED 


r 


NOMINAL  RESISTANCE 

CHARACTERISTIC  _ 

STYLE  RN 


49.9 10 


METHOD  MUtAGRAFH:  4  61,  4.6.2 

-  —20. _ Aoc  <63 


RES 

NO 


VISUAL  &  MECHANICAL 
METHOD  PARAGRAPH  4  6.1 


|LEAD 

|UN[fiTH 


RES 

,  LENGTH  , 


_ 


L_X. . 

;_el  . 

__S 
.  JO  . 

_ LL 

...12. 
—3 
_L4. 
—  IS. 
._io. 
t-  JH~ 
J2l 
JO_ 


O.K. 


...OQ... 

_aj. 

.  Ji. 
03.. 
Q4 
.23. 
20- 
2U- 
2S_. 
Ig-- 

3lL„ 

32  . 

rs3 

.34 

L  §5... 

Bo 
Si 
3*5 

as 

•40 


1 

1 


OylCt.. 


--4—4-  ~J- 


•h 

■4 — 

i- 


j*  l 


RES 

WIDTH 


RES 

THICK 


[MARKING 


O.K. 


r 

4 

•4 

4 

¥  -• 


ojl 


-  '+*  * 


..t 

~t- 
■  -+ 


f 

t 


GOOD 


-4-  -Jl 


"T.: 


— t- 

4 

t 

t  • 

•f 


.  — t 

-4~ 

t' 

4 

4 

I 

•4 


INITIAL 

D.C 

RESISTANCE 
METH  PAR 
4  6  2 


^no8 


.QBQ- 


9t5QO.. 


4^aiJ> 


49.30^.  T _ 


09JQO 

A  •~*v 


4 


150,043 

49,633 

[.5CMJQ 

49.009. 


-  - 


™ I 

•  -  A 


,_5QJ92 
1.40,02.0 
49J=>45 
40.567. 
80310 
4947.09 
49,60. 
4o,nfoa 

50d00 
50,0-10 
40,993 
r40,an 
i_40.02e 
40,-14-5 
49,701 
•j  40,613 
1.40,-709 
440,-710 
40,e*bo 
49,<b3fc> 

40j7712... 

^sosm 

>40,  ©24. 

40,990 

50040 

40,-160 


REMARKS 


«  * 


"y&u*.  -  ^**7 


&»*  <¥<L  //**£/¥* 

-A. 


MIL  R-1Q509-D 


RESISTOR  QUALIFICATION  INSPECTION 


GROUP  I 


DtFICTS  ALLOWED  0  METHOD  PARAGRAPH;  4  61,  462 

NOMINAL  RESISTANCE  r*>AQ.  ^  -A- 

CHARACTER ISTIC  _ Q _ DATE  D.1  Aoq  ^7- 

STYLE  RN  __ _  <oS  _ 


f/CCK.  a/m*/ 


MIL  8.- 10509- J) 


DEFECTS  ALLOWED  _ 

NOMINAL  RESISTANCE 

CHARACTERIST IC  _ 

STYLE  RN 


METHOD  MIACMUPBl  4.61,  4.6.2 


MIL  R- 10509 -D 


RES  IS  lO  QUALIFICATION  INSPECTION 


CROUP  I 


DEFECTS  ALLOWED  _ 

£-  NOMINAL  RESISTANCE 


M-A- 


CHARACTERISTIC 
STYLE  RN 


METHOD  PARAGRAPH  4  61,  4  6  2 

On  Aoq  <£2. 


DATE 


IS 


Tua*.  ~  * "*'*'' 


HITBOD  RMUOtAPli  4.6.4,  4.6.S,  4.6.7, 


i'ji 


DUBCT*  ALLOWED 


TSKT.  CTCLXMQ 


“63°C 


Trrrr 


i1  ?  i  *  .*1®/ '  AV.  4  Ko-RS  1 1*  tv  •H/’niLaff  ■  t% 

rjrrxm'.'wjm  wr^n^rrrn 


DHTIAL  I  rnUL  IX  OB.  IRMAL  D.C 
D.C.  M3  J  D.C.  1BJ±(.23X|  RS31ST  I  *(.23X 


id*.  ±(.tn 


i  isggg^igpa^iP tssa  ggsiraipw  ggswaosj 
i  Eagsgeagaagi  gaw^BKgMi— m 
;pgggagggBg«gi  F^wj^caregM 
pgasi  pgagBi  gggi  pggiggii^B 

pgsigeiSgi 


iOZ%JS  h.VJKL*  1  ■%! 


fTTTTm 


METHOD  FAIABXAPH  4.6.7 


3#  PULL  TWIST. 


II  'mX  WIHPSIII 

IWSiT5!q 


-12.. 


***** 


l 


~lkjOU+.  (/&CL+.  -'Gvy 


so  -  '0  —*%- 


mil  *-10509-0 _ naan  sBwn&unaL  nm _ mmu 

DKPSCTS  ALUXKD  I  MRBOD  MIAfltAHi  4.6.4,  4.6.5,  4.6.7, 

HGMUiAL  U8ISXUICS  D.  M  J>  4*6,J 

cauAcraxtnc  _  mb  3^  < b'X 

mu  n  ts _ 


SWITCH 

NO. 

insist. 

MO. 

BMT.  CTCUMC 

KITMB  filiOin  4.6.4 

-63°  C  OPIttfB* 
MMMLHI  Ml.  4.6.5 

§U 

f7  'TMJW 

ESI 

VVuIh 

J7.  MM-IW 

1301 

1  OB. 
*(.23X 
+.03) 

n^nw 

IKf7Sl 

CffSTB 

IK'VCTi 

CKmIH 

> . 

WE5snrE?^si 

BRfl 

»^%T1 

EVITbI 

nbgMw 

CVIVVB 

3 

Fisnev 

W*!!4I 

E5f sra* 

PMftl 

CJPEUI 

FT»TT3gj| 

Cffsm 

•4 . 

■k?^l 

BgBg 

EV91 

n^m 

ElfSTHI 

S 

BK?S3 

H5SB»a 

nsn 

cvrs^m 

. & . 

BRSSI 

WUW'.'^l 

gys^i 

Efsni 

*7 

wgy 

pir.v-'vi 

inn 

mkvbim 

-,C>t  I 

© 

nsn 

j»T.T?ri 

K1R7I 

F»n%R>  i 

DRgH 

a 

1WVI1 

gran 

KfPHi 

iii'Tsm 

C3f5£S 

IO 

hf«VU 

ppgi 

E9P5WUF 

!■■■■■ 

■■■■■ 

■■■■ 

P - 

1 

1 _ 

— — 

— — i 

■■■i 

1 _ 

_ 1 

I 


SNITCH 

MO. 

~nmnr 

IMUT. 

TSWXMAL  STUN8B 

MKTBOD  PAHABS4PH  4.6.7 

MO. 

3#  POLL 

TWIST. 

Bh8 

Eh'HI 

”  "r"  1  bi 

K  "  '  ' 

W' 

llfe^W456 

ersci 

J. 

V' 

er^i 

3 

_ ^  _, 

F?8!f 

iwsn 

-4 

JT3— 

k' 

gnaa 

5 

wnmm 

■aw 

nrsn 

fc 

\WMZMm 

n 

EWSTB 

“7 

MBSBHi 

3.0o-« 

4.01 

e 

:BE9M 

a,ocfai 

4.0*1 

«3» 

K 

i.s*arrft 

4.031 

»o 

i  ac arvin  U  .03.  M _ 1 

.HBHH 

HBHH 

\mmm 

mrnom 

ga— i 

:4& 


lts5)R=*=l 


SWITCH  RIS1ST 
HO.  HO. 


XHIT1AL 


ri  *  j*  i- 


(MTD) 


FUUL 


I'H1  I 


P5Wi 


IH5W5iW3fflnPgiei®EI 

W<iHs?-jWlt5ggWW  gisa 
HlWfc1 

Kwa-gai 58gyMeiBy» 
Igaasg  tgaur^^Maa 
P5T??3  tWV-IRiVI 
E*55i 
CfWrl 

UMtW-1  uvaw  blBMI 


MIL  R- 10509-D 


T 


DETECTS  ALLOWED _ 1 

NOMINAL  RESISTANCE  . 
CHARACTERISTIC _ 

sms  RN  __ 


RESISTOR  QUALIFICATION  TESTS 


«pup  m 


METHOD  PAIiflEAFH: 


4.6.8,  4.6.9,  4.6.4, 
4.6.10,  4.6.11 


O 


DATE 


SQ 


SWITCH 

NO. 

RESIST 

NO. 

* 

ATMOS  DIBLEC  WITH¬ 
STAND  VOLT  METH  PAR] 
AGRAPB  4.6,8  i 

RED.  PRES 
RMS.  DIE! 
METH.  PAB 

IS.  450V 

JJCT .  TEST 
•  4*  6  *8«  2 

INSULATION  RESISTANCE] 
METH.  PARAG.  4.6.9  | 
10.000  MEL.  MIN. 

IN  IT  D. 
RESIST. 

- n 

FINAL) 
D.C.  RH^ 

- L 

FINAL 

RESIST 

DC 

TOTAL  X 

CHS. 

±(.25+.05) 

MBQOIMS 

REMARKS 

U5T~" 

TT'1 

1Y2.4'  j 

-A  ,0  l 

90 144 

22 

11 

j:PQ,<b  5 

218.6=1 

-+  ,02 

50  WP 

p 

|9nr\1fc» 

5C02>\1 

-  ,02. 

50^4 

24 

14 

jr^O,fc4- 

SOO/IV  j! 

-.0-2 

50^ 

Do 

R 

90014 

PO.Ti  ]!POO.l4l 

O 

*•*4^ 

iSrt 

l?no.^o 

?v~'r>.nt  ! 

1  -  1 

. E£>k!A 

4 

Al 

•  n  1 

j  ?01,5S 

&Oi,fc4  jjarJl.sx 

-  .09,  il  5QW4  I 

Ai* 

1  & 

j  1*3^1 4 

D'assiE,  !pg&n  i 

-  ,cs  t  j 

50K+ 

40 

L4 

Ipoi.&i 

-.oi  j 

3o1 

arr\24  ! 

,.=>oo2' . 

-•o' _ i 

t  ! 

i  ¥ 

1 

_ _ _ 1 _ 

1! _ 

I 

4 


1  TEMP.  CYCLING 
METH.  PARA.  4.6.4 

350  C  S0U»E  DIP 
METH.  .PAR.  0.6.10 

MOISTURE  RESISTANCE 
METH.  PARAGRAPH  4.6.11 

SWITCH 

NO 

1 

l 

“!ISTli  final 

X  CHS. 

PINAL 

X  CBS. 

[INITIAL 

high  muiDi-ni 

nuo 

RESIST. 

±(.25 

+.05) 

DC 

RES. 

*(.1° 

+.05) 

RESIST. 

(MIDI 

FINAL 
DC  RES 

X  CHD 

_  1  1  _  iOSSAi 

-A  ,09 

Dai.va 

3^.41 

DH.€»4 

4.1 4. 

11 

-  .Ofc 

3SS..S4 

-04 

2H.04) 

4. LI 

l». 

1)800,01 

-  .063 

50007 

O 

soo.ia 

9oo.l1 

14 

llsno.*?^ 

4  ,0"7 

900.41 

-  ,04 

BOO.^A 

Roi.cn 

,4.163 

IS 

1)300.1® 

-  .m 

coaoi 

-  ,o^ 

aic\i4 

RorvAv 

4,'1 

IU 

l)25&Pft 

4,aa 

—  .OS 

23*3  ,11 

S00.40 

4,i1 

n 

U  *2 1,41 

-.On 

301,?^ 

-  ,04 

tSOI.^1 

P0104 

4,lfi 

ia 

t 

4.01 

-  ,Ofe 

2<afem 

Soon. 

4.VTL 

11 

4.CT7 

8CI.5S 

-.Or*, 

90I.H 

402,20 

4. VS 

20 

14,04- 

r>OOOg> 

-.03 

aoon 

900.-7  V 

441. 

L  1 _ 

:  b  : 

L  -X_  . . 1  ~ I 

_ 1 _ 

Zak.'-  V — ■»»«»»* 


MIL  R-10509-D 

DETECTS  ALLOWED _ ] 

NOMINAL  RESISTANCE 
CHARACTERISTIC  _ 

sms  RN _ « 


METHOD  PARAGRAPH:  4.6.8,  4.6.9,  4.6.4, 
4.6.10,  4.6.11 

DATI _ 5o  C\oq  feO. 


SWITCH  RESIST 
NO.  NO. 


UMOS  DIELEC  WITH-  RED.  PRESS.  450V 
STAND  VOLT  KSTH  PAR]  RMS.  D I  ELECT.  TEST 
ACRAEH  4-6.8 _ iMETH.  PAR.  4. 6.8. 2 


INIT  D. 
RESIST. 


FINAL 

RESIST 

DC 


TOTAL  1 
CHS. 


THSULATIoiT  RESISTANCE] 
METH.  PARAG.  4.6.9  | 


m  Booms 


REMARES 


MgggH5glBgBI«gg1Bgan 
SBBBBnRaroaaaagB!  i 
gaeggisgiBSBgitigggggi 


^TggiK^iieaRggi 
i  Eaasgg  p  i 


35  O  C  SOLDER  DIP 


,!  11- 


HP9 


MOISTURE  RESISTANCE 


•  y  rmJj  tTHI  \ 

m:  p: 


INITIAL 

RESIST. 

0«Dc) 


PINAL 


EAM3I 


»1 


|ggi5gyg| 

KM 


III  III!  II  P  I  I  IM 
IlggBBggggggCTBBBll 
iipagg^gagBaeiBgi 

lii^n^pggwiEySa 

igg^gjggggieijgi 
1 1  K^W  EkV*n  EWcl 
i  I  WmfSM  gggg?a  OK3*  1 


DEFECTS  ALLOWED  _ 1_ 

NOMINAL  RESISTANCE  _ 

CHARACTERISTIC  _ _ 

STTLE  RN _ < 


METHOD  PARAGRAPH:  4.6.8,  4.6.9,  4.6.4, 
4.6.10,  4.6.11 

DATE  20  OvOC  <o.'X 


3WITCH)  RSS18T 
NO.  NO. 


ATMOS  DIELEC  WITH-  [IrBD.  PRESS.  4509  T^DfiuLATION  BJtSISTANCE) 
STAND  VOLT  METH  PAMIrMS.  DIELECT.  TEST  METH.  PARA C.  4.6.9  | 


l.  4.6.6.J 


INIT  D 
RESIST 


.  I.  FINAL] I  FINAL  TOTAL  X 

.  D.C.  RE*  RESIST  OHS. 

li  DC  ±f  ‘><u- 


10.000 


KBOO»S 


REMARKS 


DBFBCTS  ALLOWED  1 

NOMINAL  RESISTANCE  _ 

CHARACTERISTIC _ < 

STYLE  RN _ 15 


METHOD  PARAGRAPH:  4.6.8,  4.6.9,  4.6.4, 
4.6.10,  4.6.11 

DATE  60  Aoc  <2,1. 


SWITCH  RESIST 
NO.  NO. 


ADOS  DIELEC  WITH-  RED.  PRESS.  4509 
STAND  VOLT  KETH  PAR)  RMS.  DI ELECT.  TEST 
ASRAPH  4.6.8  i  MBTH.  PAR.  4. 6. 8. 2 


INSULATION  RESISTANCE 
KETH.  PARA G.  4.6.9 
10.000  MEG.  MIN. 


INIT  D 
RESIST 


. final] | 

.  D.C.  REN 

ll 


101.  V19LQ2B. 


DIFSCTS  ALLOWED  _ 
NOMINAL  AKS13IAMCI 
chasaciaaistic _ 

*  8TTLS  HI _ 


IBIIPK  W4Un^ 

WTHDJ 

43,3 _ P 

C _  DAIS  _ 


40 


iUIffl _ More  III 

PABAOXAFAs  4.6.8,  4.6.1,  4.6.4 
4.6.10,  4.6.11 

IQ  SEPT  feg _ 


1 

SWITCH 

MO. 

ASSIST. 

MO. 

DIUICUIC  WITHSTANDING  «ad  IHSUU- 
TION  XU.  (100  KK.-XH.) 
METHOD  FABACKAFH  4.6. 11B 

1  HIGH  HEMIDITT 

iKBI 

BIT 

FINAL  D.C. 
ASSIST. 

t  CHE. 

FINAL 

D«C* 

»MTW 

i  can 

C.5X  ALLOW) 

1 

1  t 

Bo,  I'sa 

4.1T 

*0,122. 

4  .0  4, 

in 

SO.feTR 

4  i^n 

4 , 08 

s  . 

i=*. 

5CU£>0 

4.1fe 

*0.4064 

4.05, 

-4 

1 A 

BOi  1  1  8 

4,0.4 

*o.oia 

4  ,QQ 

ib 

FO/4‘3& 

4.i<* 

^>1 

t<^ 

fi0.feT7 

4,tfi 

—  ,on 

=42. 

IT 

«*o,ia*=* 

4.ift 

4  .tlO 

1 

aa. 

la 

GO,  404 

4  .04 

=*4- 

ta 

*V2  4^1.4. 

4 

4 . 02. 

4.7S 

DQ 

so.na 

—  .Ol 

1 _ 

*  ON  MOISTUXX  U8inuci  TISTS,  5  US1S10U  HATS  4  POUAIZIMB  VCLTACI  (UPM) 
OF  100  T.D.C.  tfnw  icnntu  TV  UAM  AU  4  fOUAUXK  USA?  XU  CONTACT 

win  tb  but  or  tv  unsvi.  in  umaivxm  im  am  uamd  (wl")  to 
ion  iabd  mnu  nuu  tv  usxtruoi  it  uon  tm  caxtxcal  vauds. 


~\§JCUy. 


0 


DEPICTS  ALLOW) _ j 

NOMINAL  UAI8TANCS 
CHAIACTE1I8TXC _ 

sms  hi _ ! 


'  ^ABAOBAFKt  4.6.8,  4.6.9,  4.6.4 
4.6.10,  4.6.11 

to  Sept  feg _ 


DimCTUC  WITHSTANDING  and  INSULA¬ 
TION  US.  (100  KK.-HH.) 
METHOD  PABACIAPH  4.6.111 


•  OH  MOI8TOU  U8I8T4HC8  TUTS,  3  IUZST08S  NAVI  A  I0UUSXND  VOUABE  ("P") 
OP  100  P.D.C.  APPLIED  8HWHBI  THE  ISADS  AMD  A  POUBXS1M  HUP  XU  CONTACT 
WITH  THE  BOOT  OP  TU  XUinOI.  TU  BMAXNDD  PIPE  AM  MADHP  ("l")  10 
1001  USD  HATTABS  HUM  TUB  IS8X8BNCB  IS  A10TE  HE  CUTXGAL  VAUJI. 


*f*.**to+  /«  - 


MIL  R-10309P _ USI8I0K  OPAUFIC  N  1I8TS _ 01 POP  III 

DEFECTS  ALLOWED  1  MET®.)  A1A01APH:  4.6.8,  4.6.9,  4.6.4 

NOMINAL  KKSISTAMCI  80  I  VL  0  4.6.10,4.6.11 

CRiSACmiSTlC  <2  DAS  io  ^ept 

mu  KM _ fco _ _ 


T - 

SWITCH 

NO. 

KBSIST. 

NO. 

DXBLBCSZC  WITHST4MDINC  and  SSULA- 
TION  KX8.  (100  MB.-tm.) 
HETNOD  PARAGRAPH  4.6. Ill 

■MAKES 

L  BZCEK  SUZOm 

AMBIENT 

FINAL  D.C. 
ASSIST. 

X  CHfc. 

FINAL 

D.C. 

INSIST 

X  OB 

(.St  ALUM) 

□  1  .  . 

II 

-4.04 

DO 

ia 

4  .on 

2Bfc.04 

-t  .  l2_ 

DP*. 

R 

=tor>A^. 

4. in 

ano.*r^ 

4^5 

D2A 

(4 

f»ni  .m 

4  1 1 4 

noi.o-f 

4-  .  IC~ 

J2K 

-i40 

ano.cu 

-4  , 

4d. 

IC-. 

^00.4^ 

4  .20 

4 . I?k 

An 

n 

fioi.so 

4.1^. 

30204 

4  .  IP. 

l 

-As 

IPs 

4 1  IC-j 

•00.22 

-4  .  n 

aoa.c*-. 

4.rR 

ftroYi 

-4  . 13 

.*sn 

fi cyan  i 

4.1*7 

Rno.'ii 

-v  .n 

*  OS  MOISTURE  RESISTANCE  TUTS,  3  IXSIST0E8  HATS  4  POLARIZING  VOLTAGE  (“P") 
OF  100  T.D.C.  A mil  BETWEEN  THE  LEADS  AID  a  POLARIZING  SSAF  n  OOMTACT 
WITH  TIB  worn  or  TM  RESISTOR.  THB  RMAINXNB  9XTB  All  LOADED  ("L")  TO 
100X  USD  WATTAGE  UNLESS  SB  EMXStANCS  Zf  ADOS  Si  CtXTXGAL  VAUDB. 


luxu~ 


/#  - 


SWITCH 

NO. 

9 

DXELECTEXC  WITHSTANDING  and  DISCU- 
TXU  BBS.  (100  MBS.-MXH.) 
METHOD  PABACEAPH  4.6. 11E 

BMABES 

wnm 

AMBIENT  _ 1 

sal 

■ 

Cj2JB 

■ 

%  cm 

(.51  ALLOW) 

1 1 

Emm 

B8PE33I 

■■■■■■■■■ 

a 

egiBi 

Sfrl^S 

t7srr=vi 

BE^FST^MBSHR 

HHBIHHHBHMMHB 

a 

13 

tolBM 

evn 

r?5FTT^ 

ERWHi 

■  ■ 

1 A 

l?SitI!l 

owl 

EnRSSHHRl 

■■■■■■■■■■■ 

10 

!«^ 

PSBBOI 

E«m 

■IHBBHIHHBiBB 

1C— 

IAk7il 

BICES 

psvm 

BTWSTSKSHK 

■  ■ 

=TT 

1*7 

BlEBl 

P5JEE1 

m RCH 

■■■■■■■ 

fia 

re. 

EIFE1 

-t  .OR _ 

7^ 

EVfeSl 

KWtfEW 

— WE— 

■ 

HKT8H 

ISaHCFB 

iHfPSSI 

r?s*iei 

BE1BSSBBH 

i  i 

c 

■  ■ 

£ _ 

■■■■■ 

■MBS 

■TOMS 

■■■■■■■ 

•  OH  M0X8TUB1  ASSISTANCE  TESTS,  5  USX8T0U  HI VI  A  IOIAUXXMB  VOLTAGE  ("P") 

or  100  v.d.c.  krmm  sstwto  m  lum  aid  a  ioubxzxnb  stbap  xh  contact 
with  to  worn  or  to  us  mot.  to  ktoxrxm  rm  au  maud  ("l")  to 

100*  BATED  HATOM  «UU  TO  XHIItUOl  XS  ABOVE  TO  CUSOAL  VA1DB. 


MB 


IQ  TSEPT  feQ- 


CBASACTBBIITIC _ c 

mu  n _ 


r — 

SWITCH 

HO. 

« 

KS8XST. 

HO. 

DISLSCniC  VXTBSTUIDXHB  and  XMUU- 
T10H  BBS.  (100  MK.-MH.) 
MKTB0D  PABA6BAPB  4.6. IIS 

BSMABKS 

■  :></-)  A  '  .Mltfl 

iMBinrr _ 1 

FINAL  D.C. 
ASSIST. 

■ 

Q  ■ 

ITTml 

l  CBS 

(.51  ALLOW) 

I 

i  L_ 

3^,oo 

znq 

341, 

-L^ds _ 

!  "‘5"  ' 

£xm<£sL. 

a4“i.-7^ 

■srwwiaaffi 

i  ^  J 

E*5K=S1 

4-  ilfc> _ 

_ J 

i  -4 

M 

Hliiei 

■  ■ 

s 

l«. 

IE8E.1BSB 

CFsypf 

KEHS5? 

BBHGVHMI 

■  ■ 

3  l 

It-. 

BHMTgB 

ri-r^V^ 

HKVIF9MHBI 

H  ■ 

32 

I~I 

nm 

I0WK3?I 

msm 

■  ■ 

f'a?7 

\rymm 

BUM 

I^psi 

HEMRHHH 

■  ■ 

34 

\f~^ysTz^w 

EIWB 

KEWT? 

■  ■ 

EWEli 

BESggl 

HL1VFW 

•  ON  MOXSTOBS  USI8XUK3  TUTS,  5  USX810U  MTt  A  fOUBIZIHS  V0I2ABK  ("P") 
or  100  Y.D.C.  iffUD  BCTWSH  TBS  UAM  AMD  A  P0UUZHH  STSA?  XM  OOHIACT 
WITH  TBS  BOOT  0»  TBS  KJBOTDB.  Ill  BMAXBXBO  FIYB  All  10ADD  ("L")  10 
BAUD  inn  BUM  TBS  BBSXmKi  IS  ABOYB  tm  CBXTXGAL  TAUTS. 


*^Ucr4  a«.  tyiCdU* ». 


tttit 


DEFECTS  ALLOWED  1  MfTHt  ' 

NOMINAL  ASSISTANCE  0 

CHABACTUXSTIC  <C _ *  DATE  _ 

8TYLK  IX _ _ 


N  tISTS _ QXPCP  III 

ABAtAATHt  4.6.8,  4.6.9,  4.6.4 
4.6.10,  4.6.11 

,  LQ  SEP:L.J&a _ 


T - 

SWITCH 

NO. 

KB8X8T. 

MO. 

DIELECHUC  WITHSTANDING  and  HSULA- 
TION  US.  (100  MB. -MS.) 
xrraoD  paiagiath  4.6. m 

KBUftXS 

UTAH  MM 

mirr 

BIT 

FINAL  D.C. 
USXST. 

I  cat. 

' 

FINAL 

D.C. 

JBUfiX- 

X  CBS 

C-3X  ALUM) 

Cr* 

1  1 

-4=».40 

',.04 

S00.40 

4.  ITl 

n 

Q 

&00.90 

4.  n 

4it4  ..... 

1^. 

500,^0 

4, IS 

S0Q.1S 

4.13 

<3> 

14 

Eni.^s 

-.oi 

SOia4. 

4-.i«* 

IO 

4.04 

sco.cs 

Rfe 

MUl 

—  .Ol 

SOI  AO 

-V.IS 

=*n 

n 

ACjftoR 

4 .11 

i 

aa 

ift 

Fi Q2CU 

4.  iS 

BOijafe 

■=9n> 

!<=* 

4<=rr.«0 

-  .SI 

BOO.nO 

-40 

Dn 

fOl.AO 

— ^  i!4> 

KOI.  43 

•  ON  MOI8TORI  KSSI3TAMCE  TUTS,  5  USX8T0U  NAVI  A  POIAUZDC  VOLXACI  ("P") 
07  100  V.D.C.  A77UH)  BXTVHX  TB  UAM  AND  A  FOIAIUXMB  SHAT  XX  OORXACT 
WITH  TBS  worn  07  TB  EES LINDE.  TB  IBAXNZB  7XTI  ABB  IAADBD  ("L")  TO 
1001  BAUD  BIBBS  BUNS  IBXISMB  IS  ABOVB  SB  flBXTXCAL  VA1NB. 


1 iLtk  fsCtU*. 


—  s*-  »-/7 


* 


m i»  R-103Q9D _ mum  gums  ma _ cum?  m 

DEFECTS  ALLOW)  1  MHTW  ■  AIAGRAPHi  4.6.8,  4.6.9,  4.6.4 

HCMPtAL  RESISTANCE  CL  M _ 0  4.6.10,4.6.11 

CHASACmSSTXC  CT _  DATE  »Q  SP.PT  £>2. _ 

STYLE  KM _ ~TS _ 


| 

DIELECTRIC  WITHSTANDING  and  INSUIA- 
T10M  RES.  (100  MEG. -MIN.) 
METHOD  PARAGRAPH  4.6. 11R 

REMAKES 

Tffrm 

AMBIENT 

PINAL  D.C. 
RESIST. 

m 

1 

%  cm 

v.SX  ALLOW) 

j  l£, 

l  I 

resssm 

BVSflsI 

-  .o  \ _ 

r . .  ■ . - 

1  l~7 

12. 

insagra 

EMI 

Hf=sss 

iiK[W2T21BBi 

mjbbmebbb 

1  iftl 

13 

ih^e^i 

ran 

mssseii 

BEfKE»— 

mb 

14 

\nsmm 

IteVjtV 

K9RT7HH 

mm 

15 

\WK533m 

BCTitt'rTT  »^n;.M 

1 

1 U 

inEsspsi 

EIMEI 

■IfeW 

B||ii'i|«  ywiiii 1 'I1  t  M 

42 

1-7 

2.0rrr5i 

gfgsi 

HPWSJ9BBI 

H  EM  H 

44 

IS 

i.^as 

ElVSl 

BHW5I6BB 

M  HHI  MM  M 

44 

1^ 

H*3P5H 

hksot 

mbbbbmbbbmmi 

45. 

Dr\ 

■flc^'VWR 

PlfS^i 

Q 

. : □ 

iemhhb 

BBHB 

■mbmbmhi 

i— ■ 

■BHM 

■BEE 

ME— 

# 

*  ON  MOISTURE  RESISTANCE  TESTS,  5  RESISTORS  HAVE  A  POLARIZING  VOUACS  C'P") 
OP  100  V.O.C.  APPLIED  BETWEEN  THE  LEADS  AMD  A  POLARIZING  STRAP  IM  OOMTACT 
WITH  THE  BOOT  OP  TB  RESISTOR.  IB  RMAXMZMQ  PITS  ARE  IOADB  C’L")  TO 
1001  RATED  WATTAGE  BLESS  IB  RESISTANCE  IS  ABOVE  TB  CRITICAL  VAI0B. 


U-efcu. 


i/ZtzU.  - 


******  /»-*- 


H/L.R- 10509-1)  RESISTOR  TBMmVtllM  COEFFICIENT  OUATIFICAHUN  TESTS  CSOJIIV 
DEPICTS  ALLOWED  1  METHOD  PARAGRAPH:  4.6  12 

NOMINAL  RESISTANCE  -4*^  ^ _ 0  OVEN  HO.  _ _ DATE  08,  ft  or,  <ol 

CHARACTERISTIC  O _  TOP.  COEFFICIENT:  50  PPM  CHAR.  C.F. 

STTU  RN _ _ 


25  PPM  CHAR.  I 


SWITCH 

NO. 

DC  EES' 
25*C±3 

HU 

T.C. 

PPM/‘C 

DC  RES  r  > 
-55*±3*C 

T.C. 

PPM/'C 

DC  RES  - 
25*Cfc3*C 

. . 

1 

n5 

15961361 

P52JKI5I 

CESM 

H25SE5® 

.BSHaai 

a 

BS6H 

issKsm 

B«ai 

lEgpsgsw 

.  3 

23 

K=*3?*5I 

KSISSTH 

E|QB 

lEteKfcMi 

eieSib 

EIS&VIsl 

4 

04 

\uasm 

es^ass 

4  OO.  1 

IEIMEM 

is^Birs^sL 

.<s 

OS> 

.Kggeg i 

eansi 

gre» 

2<a 

i^sn^i 

[EfeTfeSTM 

liaSISSE* 

1 1 

■wipag^g 

es^esei 

■vcSi 

IPlS-l-rWR 

ESSKlg 

IEHMFJ 

..  « 

Is^lUEl 

mud 

lESECTSl 

IBSPS^ 

..  ^ 

Efwve  si 

k'otW 

IBBWjcai 

IO 

EriKSSI 

IEHB«W 

ShShmi 

■■■■ 

■  ■ 

- 1 

■■■■■■■■ 

■■■■ 

■■ML 

1 . 

i 

1 

„  — ..  — . i 

SWITCH 

RESIST. 

DC  BBS. 

mm 

TC 

EEMABXS 

NO. 

NO. 

65#Ct3*C 

PPM/*C 

PPM/*C 

1 

Ol 

aegi 

Esn 

IK3SEM 

EFn 

? 

2)  CL 

DEISM 

1K3S1WV 

CSTUBi 

3 

-*•  30 

lE^F^m 

K9EUBI 

^4 

04 

.=o  oa o 

[*35*9051 

crsaii 

...  s 

OS 

rsoafea 

IE®SBK5! 

EEm! 

_  £> 

2G. 

HaKElKeEM 

CI.VI. 

1  I 

.  23  . 

EE71HI 

IBSSUggSl 

REV 

OQ 

IB2S1E1PE 

-3. _ 9 

umhevs 

KaElSSH 

lEvcr^t* 

to  _ 

IRSJSS'Sl 

EXsflH! 

lEifelRM 

fgspmii 

1MMB1 

HHMII 

L  .  < 

1 1 

NOTE'.  RESISTORS  MOST  BE  STABILIZED  +  1  C  FOR  30  -  45  MINUTES  BEFORE  READING 
1ST STANCE 


^RESISTANCE.  ? 

krL. 


/ 


%-  ,0  -+-z. 


DEFECTS  ALLOWED _ ] 

NOMINAL  RESISTANCE 

CHARACTERISTIC  _ 

STYLE  EM 


<cO 


METED  PARAGRAPH:  4.6.12 

OVEN  NO.  DATE  AjC  <o~L 

TD€P.  COEFFICIENT:  SO  FFM  CHAR.  C.F. 

25  FFM  CHAR.  E 


SWITCH 

NO. 

RESIST 

NO. 

DC  RES' 
25*Ct3 

DC  RBS 

-15±36C 

• 

T.C. 

PPM/*C 

DC  RES  <  > 
•55*±3*C 

mi 

DC  RES 
25*Ct3*C 

1 

mam 

FfSSSRSM 

imvi 

ES33H 

BS59E.V* 

DOO.-~A=> 

3 

ms&m\ 

mgj.su 

gwi'Baii 

■KHKai 

4  .11 

2>OCi  .10 

=3 

mem 

i-vvky 

PfAMI 

E55Sf255i 

4  3 

dico.5Al 

A 

pm 

K«WHP 

bboi1 

IES1B9I 

ERI! 

PS5K3HI 

S 

2s 

nss*s=i 

4  rM  ! 

l&V^I 

evsnu 

_  !b 

.3<b 

BiSMI 

BW 

m&wm 

KIEV 

-  *7 

zn 

P5JS3f5^5f 

pgqg y 

B1EM 

z& 

rescm 

glCWSf! 

BUVTJ’^i 

EVtSHl 

lE^m 

53 

aa 

BE?BW 

erym 

HST5ESB 

nasal 

■551C5& 

IQ 

go 

EmKm 

lE^VKl 

IES3HW 

■ 

bhbhh 

mmm\ 

1 

- 1 

■■miH 

— — 

HHHHj 

■HI 

I 

.—  ■■■.,.  .4 

SWITCH 

NO. 

RESIST. 

NO. 

DC  EES. 

os'ct^c 

T.C. 

FFM/*C 

KM«r*gywj| 

TC 

FPM/#C 

REMARKS 

1 

2J 

300,^ 

A  A  t 

IFSBEgB 

BPB 

3 

ip?55irasi 

.El^SH 

3 

■■SSE  ESS5B51 

4  lC-» _ I 

1  SOQ^S 

EHRSM 

3 

■MRggpa 

EE3EB 

FSS1E31 

jEn^=v 

5 

R3i  Rssnsi 

KV^SsW 

gygg m 

£ 

ns^ssi 

45.  1 

BSCTOM 

em 

-  T 

\Fsasm 

RE1E1I 

R5Y51 

-  a 

as_ 

n^sn 

BPH 

BSWES! 

s 

II^B3 

Em 

I^Sil 

1.0 

El^Ei 

fggBPB 

0 

1 

_ 1 _ 

t 

MINUTES 


NOTE  RESISTORS  MUST  BE  STABILIZED  ±  1°C  FOR  30  -  43 


BEFORE  READING 


DBF*  CVS  ALLOWED  1 
XMSUL  USISAKS  CO)  W 

CHARACTERISTIC  ^ _ 

3TTLK  111 _ 60 


KITVD  PARAGRAPH: 

ovn  no. _ 


4.6.12 

onmenn  so  mi  out.  c.r. 

23  FfK  CBM.  1 


SWITCH 

MO. 

DC  IKS'- 
25*Ct3 

DC  US 
-1S±3*C 

m  • 

T.C. 

PFIt/’C 

DC  RES  ' 
-55*±3*C 

T.C. 

PPH/*C 

< 

DC  RES 
IS'CtS’C 

- 1 

mmm 

IRVMK 

3 

i 

ueai 

ESSSPgl 

eapj^ra 

mrum 

evi 

KWWI 

l2?55flC3SB^" 

n 

fssswsi 

Resins* 

—  1 1 

-  o _ 1 

is 

JAl 

fetes9£«n 

FggKBBI 

-  IC-, 

Bn 

HSSESSS- 

.  i'3 

RS 

ctssksi 

HPBSiSBI 

-  ~1 ■ 

IH1  ,i  n  qjp 

BET^Rli 

BRaga 

DO 

1EQH 

n^iii 

MSHi 

EgHBg* 

mmm 

■aQH 

jssseh 

asssmua 

P55Sm 

BR£3! 

gBHCTI 

tm&m 

"izn 

SgEg-gWEfB 

ES^K 

ESSS5E9 

B3SPI 

fcJSfcHW* 

wKt&sm 

fjsssssssi 

BSBBB 

BSESHS; 

HMIfrVl 

enam 

Esaaga 

BK%HM 

1  r’.O  1 1  >  t* 

0SEIC31 

KVIM 

joraiat 

ESB8IES1- 

L.  1 

HHBHi 

m 

bh 

1 

1 

r 

1 

- - 1 

I 


if 


SWITCH  RESIST. 


T.C . 
PFM/*C 


DC  RESIST  TC 
175'C3*C  PFM/*C 


REMARKS 


DEFECTS  ALLOWED _ ] 

NOMINAL  ASSISTANCE 
CHARACTSHL8TIC _ 

«rru  n _ 


METHOD  PABAOBAPHi  4.6.12 

OPEN  NO.  DATE  J 

Wf.  OOtmeiEWTl  SO  PIN 

25  pm 


.  C.P 

.  B 


SWITCH 

NO. 


DC  EES'' 

DC  EES  - 

T.C. 

25*Ct3 

-15±3*C 

PPM/*C 

DC  EES  *<• 

-55*±V C  I  FPK/'C 


EfeT-’-TI  F-^Ti'l  | 

1 1  tssrssa  F^VTSI 

pw 

p?22E!SI 

■l-WV«a  i^TTgpl  BlfM 1  reagsgi  i 

rg*r^  r^vrv^  mtzm  i 


gaggij 

IIF5Hu?5l| 

lEfcl 

lEtBgll 
r=VEl=*~OTl 


SWITCH 

MO. 


Pfli/'C 


DC  EES 1ST 

TC 

175*Ct3*C 

HM/*C 

fcvtfcwil 
i?4TO?ai 

gqp?Sll 
tPSfTSni 
fPSIPS^I 
ni 

^■nESip^ll 


lEgWEEgl 

IPiMWj 


■NC  "The  <bS*c  TC  UJ*»  RtAO  AFTES  load  l_»Fe  Ak)C  UJ4S  FOOtOO  To  ft£ 

4  %e  ppm, 

mil  BSSUTOU  MR  BB  STABILIZED  ±  l°C  »0t  SO  -  45  MXNBIBS  BOOH  BRANDS 


/mrn*0~J% 


METHOD  PAEAGEAFHt  4.6.12 


l&E 


DEPICTS  ALLOWED  1 
NOMINAL  ASSISTANCE  34Q  k? 

C8AIACHU8T1C  CT _ 

STTI*  8M _ 


OVBM  MO. 


_OAtE  2^  Au,^  g?L 


£.s 


SO  UN  out. 
23  pm  cam. 


C.P. 

I 


SWITCH 

NO. 

■a 

DC  EES  * 
25*CE3 

DC  RES 
-15±3*C 

T.C. 

PFM/«C 

DC  US  '  • 
-53#±3*C 

T.C. 

PPM/*C 

rr*TTDg5- 

EM 

dj! 

lemn 

am 

ggggai 

esa 

fcfPlPTB 

22 

K?fei?ni 

ECCT271 

IBEBBCT 

BH3I 

■Kggiriai 

DR 

1  mii 

0IE1E.V 

24 

i^nm 

HSrlCni 

EERI 

1BEWEM; 

.  3l 

IK15]i5?l 

IBIskg 

\nzm*m 

M=T3» 

IKBWJfcfe.^ 

3D 

2^ 

i  gfWCSl 

m/r^i 

fcfWPWl 

nna 

1  KSflirffr’S'' 

35 

2-7 

IKESICSI 

fsfSfSEV 

EK’E 

IKfWlmSB 

ea^vai 

IBBEWi 

_  34 

igfclBM 

CCTB 

Ibf-gfcrVB 

E9FW3 

35, 

'fSHSOTI 

EES 

Ifc-fCIEWi 

BEm 

itagfei^a] 

lSq _ 

BK15?3ER=f3gEM?i 

IKfLt=TM 

EMI 

i  -J 

■■■■■ 

■a 

DC  EES. 
65*Ct3#C 

T.C. 

PIN/*C 

DC  BBSXST 
175*Ct3*C 

TC 

PPM/#C 

WAITS 

.  3.-7 

21 

eggw 

KJBlBWi 

lt£MPn 

~  ...... i  ...1 

sa 

a-D. 

(sggrgs i 

-  ^ 

RSW551 

EV*.  r»^Ma  1 

Ef&ICII 

_  GCi 

6gWBBI 

EWSHi 

.  3l 

■E£W 

KfSTC.'gl 

EW^PBi 

lEfEJPf 

32 

24, 

EflE?SSIi 

IgifgJSCT 

ksi 

iys» 

gggwva 

c^Turvi 

g>y» 

Ktmi 

^fsygw 

un! 

1  E»  _  wit^cl 

Evn 

IKS 

Efyfzci 

nni; 

iggF^iiE m&a 

r~ 

1 _ 

l _ -J _ _ 

MOTSt  EXSISTOES  MOST  U  STABILIZED  ±  1°C  MB  90  -  45 


kesxstamce. 

&jr. 


wont  VS  IS  TORS  HOST  II  milULZB  ±  1°0  VOft  SO  -  43 


DETECTS  ALLOWED  1 
NOMZKAL  USXSTAHOB 

CfttSACmXSTXC _ 

STYLE  Ul : _ 


METHOD  FAtAOBAfHt  4.6.12 

OTO  WO.  _ DATE  Q&  Aoc 


OTO  WO.  DATB  3Q 

twp.  ootmcuMii  so  pim  out.  c.r. 

25  mi  emi.  i 


X  |CyT  Tk-te  Sli^QT  OP  -rme  LOftO  UF6  "TEST  i  ibao  uuas  foo*jo  to  uavc  uao 


ASSISTANCE. 


sU*/**?*^*  4 
Sjss/v*  **  -  " 


mu  n 


SWITCH 

MO. 


DC  US  -»  DC  RES '  - 
25*Ct3  -15±*3*C  IWH/'C 


DC  RES  '  ■• 

-55*±3*C 

CTM/'C 

DC  RES 


■l  -UIIR  .  •Ill 


EWlWBg>T=1 


SWITCH  RESIST. 
NO.  NO. 


DC  RES. 
65*Ct3* 


FIM/*C 


DC  RESIST 

TC 

175*Ct3*C 

FFH/*C 

^.OQOQ 

EFSIi 

in^EIKM! 

npTrnfii 

F*7=Tmi 

PlggCTSII 


NC  RT  tmc  stAor  oe  -r*e  loaq  ufr  -tcst  i  l«ao  uuas  foouo  to  mav«  uao 


unsnia. 


'Itactt*.  P*Xt*.-Gy. 


*&*****  " 


VOCiTE  * 


fQorY\  <a-\%  to  9-aa  Pouoe  a.  duppi-y  oue*ji 

Oot  OF  C«*JTQOV-  OiOO  UJRO  OBt-EBVED  Or  *SF,oV„  kXjr»BCtt 

of  wouai  «*-t  -runs  vouacje  uja-s  pwobarjuv  le-ss  -twa*o 

3-4  HO-S. 


509 


DEFECTS  ALLOWED _ 1 

NOMINAL  RESISTANCE 

CHAXACTERISTIC  _ 

STYLE  IN  . _ 


.(INCLUDES  T.C.) 
goi  « 

<r _ 

_ 


METHOD  PARAGRAPH:  4.6.13  ,,  _ 

looo  I-'  (J  "3 

_fl  OVER  NO.  H  START  DATE  2*5  Poc,  <o'i 

_  LOAD  VOLtASB _ \/ _ 

MAXIMUM  SHIFT:  ±(.5X  +  .050) 


*&**?#*  S* 


IlCtW 


MIL  R-10S09D 


DETECTS  ALLOWED _ J 

NOMINAL  RXSIStANCX 

OUIACmiSTIC  _ 

SITU  XM 


MSIStOa  LOAD  LIFE  QOALinCATIOK  TESTS 
.(INCLUDES  T.C.)  MKTBDD  PAIACKAFB: 
^>-3 _ n  07IH  NO. 


saopp  iv 


4.6.13 


IQOO  HQt 

,8TA»T  DAW  aa.Quc 

3.5,  v 


£>B 
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